The Chlorella provides possible source of high levels of carbohydrates. Two methods (conventional solvent extraction and macroporous resin based extraction) of extracting carbohydrates from Chlorella were studied. The effects of three factors each were investigated. The results showed that conventional solvent extraction is likely to extract more non-soluble carbohydrates, while macroporous resin based extraction is more efficient in extracting soluble carbohydrates. The carbohydrates extracted were measured by anthrone-sulfuric method.
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INTRODUCTION
More than 70% of the earth is covered by oceans, the marine organisms which have a great diversity, have long attracted human beings. Belonging to one of the oldest classes of organisms on earth, marine algae are found to contain abundant amount of biological active compounds of different uses. The remarkable development in the field of application of algae, which is also referred to as seaweeds, in the past decade has raised great public attention. Algae, which can perform photosynthesis just like common plants on the basis of their own chloroplast, are usually divided into two categories: the prokaryotic and the eukaryotic. Up till now, over 3,000 species have been found, among which 70% belong to microalgae. Microalgae, also known as microphytes, are usually referred to, as is shown in the word's spelling, microscopic algae, usually found in marine systems, as well as in freshwater. Microalgae have tiny cell with diverse appearances and great resilience. The first use of microalgae can be dated back to more than 2,000 years ago, by the Chinese people. It is said that Su Wu lived on hair-like seaweed, a kind of Nostoc, when shepherding for the Huns. But the artificial cultivation has only a history of a few decades. All the microalgae that can be put into the application of industrial production belong to the four following phyla: Cyanophyta, Chlorophyta, Chrysophyta, and Rhodophyta. [1] The manufacture of biological products from microalgae has several advantages. It utilizes solar power, which is highly recommended as a new clean promising energy in the future, as well as CO2, which is commonly believed to be responsible for global warming. Thus, this method can be sustainable as well as environmentally friendly. What is more, the production is of high efficiency, independent from the productivity of the soil-even the most infertile soil or saline-alkali soil is suitable-easy to be brought into the "assembly line", needless of complicated pre-treating, and result in various kinds of useful bioactive products.
Three economical microalgae
Microalgae can be applied to industries of energy, medicine, food, aquaculture, chemistry, environmental protection, agriculture, and aerospace, and so on. They have the ability to be used to produce biofuel to remit energy shortage, bait to be applied in aquaculture, active or supplementary constituent of usual and functional food or even medicines, for instance.There are three species of microalgae that can be recognized as economical: Spirulina, Chlorella, and Dunaliella.
Spirulina [ Fig.1A] , one of the species with longest history existing in current earth, is the most outstanding resource of natural protein to this day. [2] "There is a need for both national governments and inter-governmental organizations to re-evaluate the potential of Spirulina to fulfill both their own food security needs as well as a tool for their overseas development emergency response efforts"-The UN-Food and Agriculture connected the Greek word "chlor" and Latin word "ella" to name this very kind of singlecell green algae, over a hundred years ago. Tiny as it may be, its photosynthetic efficiency is believed to be comparable with other efficient plants (sugar cane, for example), reaching 8% in theory. [5] Since it is the very three general processes--photosynthesis, respiration, and biosynthesis--that determine the organic composition of a plant, Chlorella was once considered to be able to replace regular stable food like wheat and rice. At the same time, it also consists of attracting essential nutrients such as carbohydrate, minerals and vitamins, among which the protein rate is significantly high.
[6] Thus, utilizing Chlorella as potential food resource has been studied, following global fear of food and energy shortage due to the predictable boom of population.
Despite of the similar character that both can be regarded as "super food", Chlorella do share much in common with Spirulina, however, differences between them can be easily told out. What is the most fundamental difference is that, as is mentioned above, Spirulina is eukaryotic while Chlorella is prokaryotic. Spirulina has been given attention since the very beginning for its high potential to act as functional food, on the other hand, Chlorella was hoped to deal with starvation when the world had hardly recovered from the WWW Ⅱ . Chlorella, unlike Spirulina, has not yet been fully developed nowadays, nevertheless, it has been brought back to focus-since the global food shortage of the sub war world has been solved before economical Chlorella products came out, a lot of scientists have removed their eyes to other areas. One of the new discover of Chlorella's potential value is that it may contain antitumor elements. [7] Another even more impressing study deals with human being directly, not normal ones but the pregnant. 151 healthy pregnant women was involved in that study, and after the data analysis, it is quite clear that the group having taken Chlorella tablets was generally low in the rate of dioxin transferred into fetuses and nursing infants through placenta.
[8] (C) Chlorella under optical microscope (above) and model for its cell (below). [9] In 2003, a comparison between the three nourishing microalgae, which is Spirulina platensis, Chlorella vulgaris, and Isochrisis galbana, was carried out by Ö. Tokusoglu and M.K. Ünal [9] . They used a modified version of the Bligh and Dyer method to determine [16] , it raised heated discussion since this very polysaccharide was proved to have a potent effect on activating human monocytes/phagocytes. Even in the US patent database, there are also discoveries about extracting polysaccharide from Chlorella. Jaroslav A. holds both the two patents [17] [18] of extraction of a kind of hetero-polysaccharide of high viscosity from Chlorella, consisting of uronic acids, rhamnose, mannose and arabinose, and the isolation of extracellular polysaccharide from Chlorella, 80% of which is galactose. As for some new studies, Ogawa et al. [19] [20] 
O-methyl-d-galactose and mono-O-methylated sugars, yet still low in amounts due to its low content.
Antitumor activity
Because of the increasing global concern about tumor these years, the antitumor activity of the polysaccharide has received most of the attention paid to Chlorella constituent. Ever since as early as in 1985, Iwao Umezawa, along with Kanki Komiyama, has held a patent [21] claiming that a certain acidic polysaccharide, of which 53%
consists of a carbohydrate contain via calculating as glucose to have antitumor activity and even antiviral activity. Although it is still not completely understood how normal cells turned to form tumor, a series of hypothesis has received global proof that free radicals can induce the formation directly. Ever since sulfated polysaccharides from
Chlorella have been demonstrated to have the ability to scavenge free agents and prevent oxidative damage, they have gained expectation in developing drugs that can be applied in the treatment of cancer, though no one hold the least hope for them to directly reduce the amount of cancer cells. Studies [22] [23] have suggested this expectation to be of considerate possibility, for when tested in vitro, they have significant effect of antiproliferative activity on cancer cell lines and inhibiting the growth of tumor in mice.
What is even more impressing, the polysaccharides are likely to isolate cancer cells from their basement membrane, thus able to inhibit the metastatic movement of the cancer cells, though the exact mechanisms of their inhibition has not yet been completely understood. [24] But are the polysaccharides only effective when injected? Luckily, that is not exactly the case. In 1986, Yamamoto et al [25] gave mice oral polysaccharides extracted from various kinds of marine microalgae, and concluded that the decreases in the rate of carcinogenesis have statistical significance.
Immunomodulating activity
Polysaccharides also have immunomodulating activity, mainly on the basis of macrophages modulation. In 2006, Fangmei Y. et al [26] used mice to perform an in vitro experiment to discover the immunomodulatory activity of polysaccharides from Chloride pyrenoidosa, when partially purified. They concluded that significant rate of B cell was activated by polysaccharides from Chlorella to produce antibody, meanwhile the Tdependent antibody response has an increased sensitivity, which was assumed to be achieved also by the polysaccharides from Chlorella through their additive action with macrophages. Because of the fact that it is well proved that all of the B cells, T cells and macrophages are essential and active elements in the immune system, that study may suggest that polysaccharides from Chlorella have active effect on the system. And this regulation of immune system has been thought to be the main focus for Chlorella when considering about making functional food out of it.
Antiviral activity
Polysaccharides are even thought to have antiviral activity. Huheihel et al [27] found that when highly sulfated, the polysaccharides will show antiviral activity. Several kinds of polysaccharides with different structures have been found to be able to inhibit various kinds of virus, which belong to herpesvirus, togavirus, favivirus, rhabdovirus, arenavirus and orthopoxvirus families [28] , though from many species of marine microalgae, not only Chlorella. There have been experiments [29] [30] [31] indicating that many elements of the chemical structures may affect the activity, molecular weight and the degree of sulfating, for example. The degree of sulfating especially, is the most crucial active parts of the inhibition for virus, thus, when the degree is not high enough, the activity is likely not so efficient to be applied to real life. Chlorophyceae (Codium fragile [37] and Caulerpa racemosa [38] ) have significant EC50 (4.7 and 3.0) on inhibiting HSV-2. Whereas the ones from Phaeophyceae (Sargassum horneri [39] , Sargassum patens [40] ) have effect on HSV-1, with EC50 at 1.0 and 1.5, but those from Undaria pinnatifida [43] inhibit HSV-2. Polysaccharides from Rhodophyceae have quite different main compounds, galactose for Cryptonemia [41] and mannose for Nemalion helminthoide [42] , which may be the cause their different performance on inhibiting HSV-1, yet both can be considered to be effective. For brown seaweeds, Witvrow et al [28] reported their polysaccharides, mainly consist of fucoidans, have antiviral activity against all of HIV, HSV-1, HSV-2, and even cytomegalovirus, which might lead to cytomegalovirus pneumonia when infected. What is more, the enveloped virus, such as HIV and herpes, will be inhibited by polysaccharides derived from seaweeds when they are trying to break into the cells of the host. Other algal fractions derived from seaweeds are not useless. Reports [43] [44] [45] [46] have suggested that they have the ability to inhibit the formation of syncytium or enzyme or virus directly. There is a hypothesis that the sulfate groups are responsible for the activity of the inhibition against virus, for Witvrouw et al [28] reported a serious of figures indicating that when the degree of sulfation increase, the activity will also increase and it is widely agreed that anionic charges are likely to inhibit reverse transcriptase enzyme. Most of the studies are made in vitro. Hence the time when the polysaccharides are added may also affect the efficiency, and this has been proved by experiments [47] dealing with extraction from Splachnidium rugosum, Gigartina atropurpurea, Plocamium cartilagineum and Undaria pinnatifida, against HSV-1 and HSV-2. They suggested that the best time to add is during the first hour after infection, and the efficiency may fall to insignificant when added later.
Flavivirus is a great family of virus, also known as arbovirus, containing plus-strand RNA and membrane. The family has many kinds of dangerous virus such as epidemi cecephalitis B, Japanese encephalitis and tick-borneencephalitisvirus (also known as polysaccharides also provide a perfect potential to be applied in vaginal antiviral treatment without the least possibility to harm the normal bacterial flora and the vaginal epithelial cells.
Anticoagulant activity
Despite the discovery and wide application of heparin, investments on finding new type of anticoagulant drugs are still one of the pharmaceutical focuses, owing to the fact that though has been used in clinical for over fifty years, heparin has several no negligible side effects, including hemorrhagic effect, certain ineffectiveness and incapacity. [51] Even worse, it requires great experience for the doctors to carefully control the dosage.
As early as in the year of 1913, Killing et al. [52] reported their discovery of natural anticoagulant properties from the marine organisms. Reports [53] [54] [55] about the possibility of marine algae to be used as sources for novel anticoagulant drugs followed. Up till now, anticoagulant has been one of the most popular properties of polysaccharides extracted from the marine algae. [56, 57] And polysaccharides extracted from Chlorophyceae, Phaeophyceae, Rhodophyceae, have been proved to have anticoagulant activity, [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] and the polysaccharides have different main compounds, including rhamnose, arabinose, glucose, gualactose and fucose, among which two types of polysaccharides, galactans [69, 70, 72, 74] and fucoidans [75] [76] [77] , have significant high anticoagulant activity. However, the polysaccharides derived from Chlorella, or even from the entire green algae, are relatively fewer. It was found in 1995 that one subspecies of Chlorophyceae contain anticoagulant-active polysaccharides. [78] Later, Matsubara et al. [63] reported the discovery of another kind of polysaccharides from Codium cylindricum. Moreover, Monostroma nitidum is also found to be able to produce anticoagulant polysaccharides, which is even more active than heparin. [56] But when calculated in general, the polysaccharides derived from red and green algae are lower in the anticoagulant activity than the ones from brown algae. [79] The activity of polysaccharides discussed above has been measured by the following methods. APTT stands for activated partial thromboplastin time, its prolongation is said to be a criterion of the clotting-time dependent on intrinsic pathway. Whereas PT stands for prothrombin time reveals the clotting-time dependent on extrinsic pathway. And TT is short for thrombin time and is considered to be relevant to the inhibition of fibrin polymerization. It has been reported [80] that the function of presence of sulfate groups in polysaccharides is even related to the activity of anticoagulation due to their increase in both non-specific and specific binding to certain proteins with considerable biological activity. Silva et al. [81] studied the critical structures determining the anticoagulant activity in polysaccharides, and suggested that they are the sulfation position and the sugar residue. This completed the study of Pereira et al. [82] , which indicated that the O-sulfated 3-linked α-galactans have antithrombin activity. And the molecule weight and sulfate content can also determine the anticoagulant activity.
[83]
Other activity
Polysaccharides from marine algae have other biological activities. Fucoidan is the studied most deeply. There has been proved that fucoidan from brown alga is able to increase the differentiation of osteoblastic cell, thus fucoidan can be used as a potential supplements for bone health. [84] Furthermore, it is also able to protect gastric mucousa in acid environment. [85] The matrix metalloproteinase (MMP) is thought to be responsible for protective system in human skin. Therefore, when fucoidan provides the ability to inhibit ultraviolet B (UV B), it is considered to be potential functional compounds in skin cosmetics as sun blockers. Other kinds of polysaccharides also demonstrate impressing ability to be applied in the food, pharmaceutical and cosmetics industry. Reports [86] have shown that one of the efficient compounds that can reduce cholesterol levels is dietary fibers, which can be extracted from ulvan, another kind of polysaccharides derived from marine algae [87, 88] . This very kind of polysaccharides also provides potential ability to treat bile-related disorders. [89] Porphyran, another kind of polysaccharides derived from red alga is also very useful. It is proved to have capability of being used as efficient anti-hyperlipidemic agent [90] and cardiovascular treatment, due to its ability of reducing apolipoprotein B100 [91] [92] [93] . This apolipoprotein B100 is not only correlated to in vivo lipid synthesis but also cardiovascular diseases. [94] The application of polysaccharides also relies on the efficiency of extraction as well as a great variety of other factors, and is still not available for manufacturing up till now. This study is aimed to discover a more propitiate method for extraction of polysaccharides from a certain species of Chlorella, or carbohydrates, and the conditions in which the method will provide the highest efficiency. Conventional solvent extraction is a kind of method which is easy and of low cost, thus widely applied in manufacturing industry in other extractions. In this study a new designed method based on a kind of macroporous resin, XAD-4 is compared with conventional solvent extraction. And each of the method is tested in different conditions in order to avoid the misunderstanding that the low efficiency of certain method is caused by poor matched conditions and decide the better conditions for each method in addition. In this study a productive species of Chlorella was chosen as the raw material and anthranone-sulfuric acid method was chosen to determine the carbohydrates having been extracted through certain method due to its high reliability which has been proved by its long history. Therefore, this study may possibly give some advice on manufacturing of polysaccharides derived from marine algae, especially Chlorella.
EXPERIMENTAL PROCEDURES
Material and equipment
Chlorella used was the second generation of the origin, which is American Type Culture Collection (ATCC) 14854, cultured in another laboratory of the university, The required low temperature was achieved with both normal medical and extra low freezer supplied by Sanyo, Japan.
The 50ml, 15ml, 2ml centrifuge tubes were supplied by Greiner Bio-one. And so were the 5000ml, 1000ml, 200ml, 100ml pipettes along with their tips. The test tubes were supplied by Sigma.
Characterization and preparation of raw materials 2.2.1 Preparation for Chlorella
The Chlorella used in conventional solvent extraction is in the form of dried powder. The culture solution was first centrifuge at 4,000 rpm for 15 minutes. The sediment was washed with distilled water twice, each time isolated in the centrifuge at 4,000 rpm for 10 minutes. Then the sediment was lyophilized to get the dried powder.
The Chlorella used in macroporous resin based extraction is in the condition of suspension. 900ml culture solution, the same as the solution mentioned above, was also centrifuge at 4,000 rpm for 15 minutes. The sediment was collected and added distilled water to 1000ml to form the suspension needed.
Preparation for related chemical solution
The ethyl alcohol used was in the standard form of 80% by volume. The perchloric acid used was 30% by mass. The anthrone-sulfuric solution was 2g/L, which is prepared by adding 2g of anthrone (dry powder) into 1L 98% sulfuric acid, and this very solution requires being prepared the day it is intended to use. The concentration of Chlorella was measured by first heating 2ml of the original liquid to dry and weighed accurately.
Experimental Procedures
Standard Curve
Weigh accurately, according to Tab.1, standard glucose in 8 test tubes, dissolve with 0.3ml distilled water. Add 10ml anthrone-sulfuric solution into the tubes, quickly put them into the boiling water bath, and keep for 10 minutes. Get the tubes out and let it cool down in cold water for about 10 minutes. Test the OD at 620nm. Use the figures gained to create a graph and regression equation (Fig. 2) .
Tab. 
Macroporous Resin Based Extraction
Macroporous resin based extraction uses 2g Amberlite XAD-4 in each sample as the main tool to break the cell, and is carried out in a system showed in Fig. 3 . The extraction was carried out according to conditions in Table 3 , each sample add a drop of corn oil to reduce bubbles. The speed of gas was measured by calculating the volume of gas in certain period of time using method of draining water. The sediment and supernatant after extraction were also separated by centrifugation (8,000rpm, 15 min), and move up to the procedures of analysis of carbohydrate.
Analysis of Carbohydrate
Sediment
Weigh accurately three parallels of about 0.006g from each portion of the freeze- absorbency at 620nm, compare with blank series, which was made before with 0.3ml 30% perchloric acid and 1.5ml anthrone-sulfuric solution and kept in the boiling water bath together with the samples to test.
Supernatant
Take 1ml out of each portion of supernatant, dry them up in water bath. Add 1.5ml
30% perchloric acid and keep in the condition of continuous vibration for about 60 minutes, centrifuge at 10,000rpm for 5 minutes to collect the supernatant in labeled tubes.
Take three parallels of 0.3ml out of each tube, and mix them with 1.5ml anthrone-sulfuric solution each, quickly put into boiling water bath and keep for exactly 10 minutes. After cooling, determine absorbency at 620nm, compare with blank series, which was made before with 0.3ml 30% perchloric acid and 1.5ml anthrone-sulfuric solution and kept in the boiling water bath together with the samples to test. 
RESULTS AND DISCUSSIONS
Results
The results were measured by glucose. The figures were recorded and calculated in MSc Excel 2010, and provided in Table 4 for conventional solvent extraction and Table 5 for macroporous resin based extraction. showing total carbohydrate.
Discussions
Conventional Solvent Extraction
The results indicate that the efficiency of conventional solvent extraction is in proportion to time, temperature of extraction as well as ratio of water to raw material.
Macroporous Resin Based Extraction
The results indicate that the efficiency of macroporous resin Based Extraction is in proportion to speed of gas, time of extraction, and the concentration of sample.
Discussions
The Table 6 , which has been taken from the report [96] , shows the estimation of nutrients contained in algae generally. Taken into account that the concentration of every single kind of nutrients contained in individual cell greatly depends on the specie and the environment conditions, figures presented in Table 6 are according to estimates.
Belonging to plants, Chlorella has cell wall to protect each of its cells, which is the main obstacle for process molecules, no matter the nutrients or other biological active molecules, out of the cells, since the cells tend to keep these molecules inside instead of excreting them out. In order to extract the valuable nutrients out of Chlorella, appropriate methods for cell rupture are required, not only in laboratories but also in commercial run.
To select the appropriate method, several main factors need to be taken into consideration;
how big is the sample size, how stable is the molecules needed, what are the action needed to be taken after the extraction, how efficient is the method of extraction required. Enzymatic method is a kind of method currently only suitable in laboratory, since the enzyme usually requires special environmental conditions and lacks enough stability to be applied in commercial run. The enzymes that are currently widely used in cell disruptions are lysostaphin, lysozyme and special enzymes.
Another method for cell disruption uses bead, either made of glass or ceram. This is usually pure physical method. To perform such extraction, a system which is able to provide agitation or shake at a level high enough is required. This method is suitable to a wide variety of samples due to its non-chemical mechanism, and when the system has enough energy, this method is able to disrupt cells into very small pieces, thus the efficiency is definitely high.
Recently, though not so new, the method based on sound, especially ultrasound has become more and more popular. This method can also be referred to as "sonication" in general. This method applies sound, usually ultrasound energy to break cell walls and thus extract certain chemicals out of cells. Clean and of high efficiency as this method may be, the disadvantages are not ignorable. The noise caused in this method is so loud that most of the systems require hearing protection to be taken when the process is going on. And because of the high efficiency, the method may extract some unwanted free radicals, which will take reaction with the wanted chemicals and reduce the rate of product.
Cell disruption based on the application of detergent is another popular method in laboratories. This method greatly relies on the cell types, since it uses detergents to break the lipid barrier. The detergents applied in this method are usually not the ionic detergents; since this kind of detergents is likely to denature proteins thus destroy the required proteins. However, even the lowest-destroy detergent has its disadvantages. The cost is relatively high and the choice of detergent requires strong accuracy which can only be achieved through large amount of experiments. Thus this method is usually combined with other methods like mechanical grinding.
Rapid decompression can also bring the goal of cell disruption come true in laboratories. This method is usually described iconically as "cell bomb". Amazing as it may sound, this method is not widely used due to its significant disadvantages: it can only disrupt those "weak" cells, which are cells without or with tender cell walls; the machines involved in this method have limited capacity and not capable for large scale of samples; the experimenters have higher risk of getting injured than other methods.
Many of the nutrients having been found are likely to become inactive during serious conditions. That is why to extract bioactive nutrients out of cells requires non "harmful" methods.
XAD-4 is a kind of famous macroporous resin, which has been used for more than ten years, especially to isolate lower-molecular-weight hydrophilic acids, and has achieved high reputation for its stable quantity as well as good efficiency. Owing to its great reputation in the field of nutrient extraction, this study aimed to test its capability of applying in carbohydrate extraction. The results indicate that though not as efficient as the traditional solvent extraction in general, the XAD-4 has its advantage in extracting soluble carbohydrates. Taking into account the fact that the non-soluble carbohydrates tested in this study may partly is the product of hydrolyzing cellulose, as well as the fact that XAD-4 does not break cells in general; the efficiency of traditional solvent extraction may not be as high as it showed in this study.
CONCLUSIONS
There are two main goals of this study when this study was first designed. The main goal is to find a new method of extraction involving no or little harmful chemicals.
A widely-applied kind of macroporous resin was used to test if it is capable to found the new method. XAD-4 was usually used to extract lipid from microalgae. This study was intended to see if this macroporous resin is able to extract carbohydrates as well as lipids.
The second goal is to find appropriate conditions for both the new method and the conventional solvent extraction.
Conventional solvent extraction is an easy and harmless method. It has been widely applied in manufacturing field for quite a long time. In this study, it is able to see that the conditions with highest efficiency is equal to expectation, which is high temperature, long extraction time, large rate of liquid to sediments. This can be an additional piece of evidence to prove that the test method in this study is reliable. In this study, the results indicate that the conventional solvent extraction has higher efficiency in extracting nonsoluble carbohydrates, which is involved with a kind of distraction that the "carbohydrates" calculated may partially be the hydrolyzate of cellulose. Moreover, outside the laboratory, more elements require carefully consideration, the attrition of the machines and the cost, for example. In conclusion, conventional solvent extraction does its best job in the conditions of highest temperature, longest extraction time and lowest concentration when possible.
Macroporous resin based method, in general, shows poorer efficiency, but significant higher in extracting soluble carbohydrates. Unlike conventional solvent extraction, macroporous resin based method is more efficient when the concentration is
higher. This may due to the fact that this method relies mainly on the friction among the Chlorella molecules. The XAD-4 is one of the most commonly used macroporous resin and is more often used to extract lipids in the extraction from Chlorella. This study was first conducted to see its potential in applying in carbohydrates extraction, however, despite its good performance in extracting soluble carbohydrates, the rate of carbohydrates extracted in general through this method is not very satisfying. Further study needs to be conducted to find a more effective method in extracting both soluble and non-soluble carbohydrates. Thus the best conditions for macroporous resin based method, when XAD-4 is used, are as long extraction time, as high speed the gas is, as high concentration of raw material as possible.
In conclusion, the conventional solvent extraction does not show significant disadvantages compared to the macroporous resin based method in general. But the latter is more suitable for extracting soluble carbohydrates which is possibly more useful in following application due to its complete bioactive structures and substructures.
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